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© Connecting member of a circuit substrate and method of manufacturing multilayer circuit 
substrates by using the same. 



© A connecting member of circuit substrates includes an organic porous base material (102) provided with 
tackfree films (101) on both sides, through-holes (103) disposed at requested places which are filled with 
conductive resin compound (104) up to the surface of the tackfree films. This structure enables inner-via-hole 
connection and can therefore attain a connecting member of circuit substrates and an electrical connector of 
high reliability and high quality. 
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This invention relates to a connecting member of a circuit substrate which connects circuit substrates 
electrically and mechanically, and further relates to a simple method of manufacturing multilayer circuit 
substrates by using the connecting member of a circuit substrate. 

Recently, following the tendency of electronic devices toward becoming smaller and lighter, a mounting 
substrate which is a part of these devices is required to perform higher mounting density. The mounting 
technique itself has become one of the major elements in the field of development of new electronic 
devices. This mounting technique can be divided into two components: 1. surface mounting components 
such as semiconductors or chip components, and 2. substrates for mounting and connecting these 
components electrically including its mounting method. It is widely known that semiconductors have 
increasingly more chip sizes and terminals for attaining higher integration density and functional improve- 
ments. Therefore, the terminal pitch is tending toward becoming narrower For example, terminal pitch is 0.3 
mm at present, whereas the pitch was 0.5 mm in the past. If the pitch were narrower than 0.3 mm, it would 
be difficult to apply a conventional solder method for mounting. The chip on board (COB) technique, which 
mounts semiconductors directly on substrates, will be considered more important in the future than the well- 
known "package". Therefore, the COB technique has been researched in various fields. Furthermore, the 
tendency toward smaller chip components has developed so far that nowadays 1005 chip (1.0 x 0.5 mm) is 
used daily. Similar to the case with semiconductors, it would be difficult to produce smaller chip 
components than this size since the mounting method causes a limit on size reduction. In addition, 
mounting costs would be significantly higher. 

On the other hand, the dominant current in electronic devices is moving toward digitalized circuits which 
are accompanied by higher frequency and acceleration. As a result, mounting substrates can no longer 
sidestep the noise and heat problems. In order to cope with this problem of higher frequency and 
acceleration, a usual method which is practiced at present is to manufacture a prototype first, and then to 
modify it again, if any problem should occur. Therefore, a great amount of time has been spent for the 
development of electronic devices, and this method prolongs the development period. It is desired in the 
future that the development of substrates is conducted in such a way that a simulation of heat, transmission 
lines, and noise takes place at the planning stage, and that the results of that simulation are fed back to the 
substrate planning so that one prototype is enough for completing the process. However, this substrate 
planning system is still a long way from perfect operation. Thus, a designing method in which know-how 
from past experience is used is still considered to be in the main stream at the moment. In any case, 
counter-methods to combat the current toward higher frequency are surely to be based on substrates and 
mounting forms which have shorter wirings. 

As described above, the surface mounting components as well as the substrate techniques are 
important aspects for attaining electronic devices with high mounting density in the future. At present, one 
high-density mounting substrate used generally is a glass-epoxy substrate. This substrate is made of glass 
woven fabrics which are impregnated with epoxy resin to form an insulating substrate material. Glass-epoxy 
multilayer substrates had been developed for use with computers in the past, but nowadays they are widely 
applied for consumer use. A method of manufacturing a glass-epoxy multilayer substrate comprises the 
steps of: 

(1) adhering a Cu foil by heat-pressing the above-mentioned material which was made of glass woven 
fabrics impregnated with epoxy (this is called a prepreg); 

(2) patterning the Cu foil by a photolithographic technique to form wiring for an internal layer; 

(3) forming a multilayer laminate by further heat-pressing with the use of another prepreg and a Cu foil; 

(4) drilling through-holes into the laminate and forming a Cu electrode on the inner wall of the through- 
holes by an electrolytic plating method, thereby connecting the layers electrically; and 

(5) etching the Cu surface into patterns. 

FIG. 5 is a schematic view of this glass-epoxy multilayer substrate. Referring to FIG. 5, reference 
numeral 500 denotes an insulating base material made of glass woven fabrics impregnated with epoxy 
resin; 501, Cu wirings in internal layers; 502, drilled holes made after being formed into a laminated 
multilayer; 503, a Cu layer on inner walls formed by a plating method; and 504, circuit patterns on the 
upper most layer. This drill process and the Cu-plated through-holes were established through the 
development of techniques in which this kind of glass-epoxy base material is used to connect internal 
layers to outside layers electrically. This method is also widely acknowledged in the world. 

However, in view of the demand for higher density in the future as mentioned above, this method can 
not be considered satisfactory. The reason is that a usual glass-epoxy multilayer substrate is disposed with 
through-holes which consequently reduce the wiring space. And thus, when high-density wirings are 
performed, the necessary wirings must take a round about way thereby lengthening the wirings. In addition, 
it is difficult to conduct an automatic wiring by CAD (computer aided design) because there is not enough 
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space for wiring. Furthermore, following the present tendency of forming smaller holes, the drill processing 
can not be applied so easily. In fact, this tendency raises the cost ratio of the drill processing within the 
entire costs. Not only that, the Cu-plating process which is necessary for through-holes is problematic from 
an environmental point of view. 
5 In order to solve the above-mentioned problems, a number of new multilayer substrates have been 

developed in the field of multilayer substrates. First, as a technique which applies the method of forming 
substrates with Cu-plated through-holes by a drill is to form SVH (Semi-Buried Via Hole) multilayer 
substrates. This method of forming SVH substrates is conducted by means of via connection consisting of 
not only through-holes, but also via connections on the surface which enables more high-density wirings 
io than with the through-hole-type substrate. Via parts on the surface are filled with insulating resin which are 
then Cu-plated thereon in order to form mounting pads for components on top of the via parts. According to 
this method, through-holes for insert components are only present on the surface, and therefore, compo- 
nents can be mounted with high-density. But this method is an improved technique of forming the above- 
mentioned glass-epoxy multilayer so that it still suffers from the same problem with the difficulty in drill 
75 processing and the necessity for Cu-plating. 

On the other hand, new multilayer substrates having a perfect inner-via-hole (IVH: Interstitional Via Hole) 
structure are disclosed, for example, in a SLC (Surface Laminated Circuit, registered trademark of IBM) 
substrate and a multilayer substrate using thermoplastic resin. A method of manufacturing SLC substrates 
comprises the steps of providing a double sided substrate having usual Cu-patterned layers, coating the 
20 surface of this substrate with resin as an insulating material, forming via holes by a photolithographic 
method, adding Cu-plating on the entire surface, and connecting a bottom conductor, a via hole part, and 
wiring on a surface layer. Then, by applying the same photolithographic method, patterns are formed. This 
process is repeated to form a multilayer. At present, this method is especially watched with keen interest 
because it can form highly accurate wirings at an extremely low cost. The problems with this method is that 
the adhesion strength between the insulating material and the Cu-electrode is low, and substrates can warp 
easily due to the difference in thermal expansion between the core substrate and the resin. 

A multi layer substrate using thermoplastic resin is manufactured by first disposing holes in a 
thermoplastic sheet-type base material, and printing patterns on the surface of the sheet with conductive 
resin paste made of silver, and then, by heat-pressing another sheet formed separately on top to form a 
multilayer substrate. The problem in this case is that the thermoplastic resin does not have heat resistance. 
In addition, the conductive resin paste has high wiring resistance, and it is also difficult to solder the surface 
part. Nevertheless, both methods are attracting attention since they have the big advantage of forming 
multilayer substrates having a perfect inner-via-hole (IVH) structure. 

Another technique is disclosed in Laid-open Japanese patent application No. (Tokkai Sho) 50-94495 
and in U.S. Patent No. 3,620,873 in which an electrical connector (rubber connector) was used to connect 
NESA glass made of liquid-crystal elements and a flexible printed substrate (FPC). This connector is in the 
form of laminated layers which are piled up such that layers of silicon rubber mixed with carbon black and 
layers without carbon black are present as alternating layers. 

However, the above-mentioned conventional methods have the following problems. First, the conven- 
tional structure does not allow the processing of through-holes easily once the substrate is laminated into a 
multilayer substrate. This constitution presents difficulties for coping with the tendency toward high-density 
wiring. Namely, it is necessary to process even smaller holes, and it is also difficult to process holes to 
match the wirings in the internal layers. As for the processing of more minute holes, the diameter of the drill 
is required to be smaller and smaller, and the costs for processing this kind of drill become significant. It is 
also anticipated that accurate holes can not be formed in the thickness direction with minute drills. 
Furthermore, although the accuracy in positioning wirings in an internal layer against wirings on external 
layers needs to be higher and higher, it is becoming even more and more difficult to process holes at exact 
places due to a size gap or elongation of substrate materials. It is still a big problem to position internal 
layers to each other exactly in the present current toward higher build-up layers. 

As a result of the problems mentioned above, the conventional substrates used for circuits have a limit 
in the number of through-hole connections which can be performed per unit area and also in the density of 
circuit patterns. Therefore, the conventional method presents major difficulties for obtaining multilayer 
substrates used for high-density mounting which will be more and more in demand. 

Furthermore, the rubber connector disclosed in the above-mentioned Laid-open Japanese patent 
55 application No (Tokkai Sho) 50-94495 and in U.S. Patent No. 3,620,873 had the problem of having high 
electrical resistance of several kQ/mm 2 because carbon black is mixed in the silicone rubber. 

An object of this invention is to solve the above problems by providing a connecting member of circuit 
substrates which enables inner-via-hole connection and has high reliability and high quality. Another object 
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of this invention is to provide a multilayer circuit substrate composed of the above-noted connecting 
member of circuit substrates. A further object of this invention is to provide a connecting member of circuit 
substrates which is suitable for an electrical connector of low electrical resistance. 

In order to accomplish these and other objects and advantages, a connecting member of circuit 
substrates in the first embodiment in this invention comprises an organic porous base material provided 
with tackfree films on both sides, wherein the connecting member of circuit substrates has a plurality of 
through-holes at desired places, and the through-holes are filled with conductive resin compound up to the 
surface of the tackfree films. . 

A second embodiment of this invention is a method of manufacturing a multilayer circuit substrate 
comprising the steps of: providing a multilayer circuit substrate having at least two layers of circuit patterns, 
a circuit substrate having at least one layer of circuit pattern, and a connecting member of circuit substrates 
comprising an organic porous base material provided with tackfree films on both sides, wherein the 
connecting member has a plurality of through-holes, and the through-holes are filled with conducive resin 
compound up to the surface of the tackfree films from which the tackfree films are separated, positioning 
the connecting member of circuit substrates between the multilayer circuit substrate and the circuit 
substrate, and heating and pressurizing. u * * 

A third embodiment of this invention is a method of manufacturing a multilayer circuit substrate 
comprising the steps of: providing a multilayer circuit substrate having at least two layers of circuit patterns 
and two pieces of a connecting member of circuit substrates comprising an organic porous base matenal 
provided with tackfree films on both sides, wherein the connecting member has a plurality of through-holes, 
and the through-holes are filled with conductive resin compound up to the surface of the tackfree films from 
which the tackfree films are separated, positioning the multi layer circuit substrate between the two 
connecting members of circuit substrates, applying a metal foil on both sides, heating and pressurizmg and 
forming circuit patterns on the metal foils. 

It is preferable that the organic porous base material comprises a composite material comprised of 
nonwoven heat-resisting synthetic fiber fabrics impregnated with thermosetting resin. 

Furthermore, it is preferable that the nonwoven heat-resisting synthetic fiber fabrics comprise aramid 
resin, and that the thermosetting resin is epoxy resin. 

It is also preferable that the nonwoven heat-resisting synthetic fiber fabrics comprise paper, and that the 
thermosetting resin is one compound selected from the group consisting of phenol resin and epoxy resin. 

Furthermore, it is preferable that a conductive substance contained in the conductive resin compound is 
at least one metallic powder selected from the group consisting of silver, nickel, copper and an alloy 

thereof. . ^ *u 

It is preferable that a resin component contained in the conductive resin compound is the same as the 
thermosetting resin in the organic porous base material. In other words, it is preferable to use, for example, 
epoxy resin with epoxy resin. . 

In addition, it is preferable that the multilayer circuit substrate having at least two layers of circuit 
patterns and the circuit substrate having at least one layer of circuit pattern each comprise glass-epoxy 
multilayer circuit substrates having copper foil wirings and copper-plated through-holes. 

Furthermore, it is preferable that the multilayer circuit substrate having at least two layers of circuit 
patterns and the circuit substrate having at least one layer of circuit pattern each comprise aram.d 
nonwoven fabrics and multilayer circuit substrates of thermosetting epoxy resin. 

It is preferable that the through-holes are formed by laser irradiation. 

Furthermore, it is preferable that the through-holes filled with the conductive resin compound have a 
diameter of 50 urn to 1 mm. 

It is preferable that the through-holes filled with the conductive resin compound have a pitch of 50 urn 



or more. 



It is also preferable that the through-holes filled with the conductive resin compound have an electrical 
resistance of 0.05 to 5.0 mQ. 

Furthermore, it is preferable that the porous base material has a porosity of from 2 to 35 %. 
It is also preferable that the heating is carried out at a temperature of from 170 to 260 *C. 
In addition, it is preferable that the pressurization is carried out at a pressure of from 20 to 80 kg/cm . 
According to the above-mentioned embodiment of this invention, a connecting member of circuit 
substrates comprises an organic porous base material provided with tackfree films on both sides, wherein 
the connecting member of circuit substrates has through-holes at requested places, and the through-holes 
are filled with conductive resin compound up to the surface of the tackfree films. This structure enables 
inner-via-hole connection, and thus, a connecting member of circuit substrates of high reliability and high 
quality can be attained. Furthermore, it is easy to determine fine pitchs at the conductive parts, and at the 
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same time, this connecting member of circuit substrates is suitable for an electrical connector of low 
electrical resistance. In other words, this connecting member of circuit substrates is composed of a porous 
base material having compressibility resistance which comprises a composite material of nonwoven i fabrics 
and thermosetting resin, and the porous base material has holes which are filled with conductive paste up to 
the surface of the tackfree films. . .. „ lhM „ to< , 

According to this constitution, it is possible to manufacture connect.ng members of circuit substrates 
stably and of high reliability with an ability to determine fine pitchs easily. Therefore, it is possible to form a 
high-layered substrate from a double sided substrate or a four-layer substrate without complications In 
addition, the conductive resin compound is filled up to the surface of the tackfree films so that the 
conductive paste sticks out from the surface of the organic porous base material when the tackfree films are 
separated. If this connecting member is used for an electrical connector, these stick-out parts work 
favorably for electrical connection because electrical connection can take place easily through the stick-out 

Part Next according to the embodiment of the first manufacturing method of a multilayer circuit substrate in 
this invention, the connecting member of circuit substrates is held between a multilayer circuit substrate 
having at least two layers of circuit patterns and a circuit substrate having at least one layer of circuit 
pattern in which the tackfree films of the connecting member are already separated. And then, the who e 
assembly is provided with heat and pressure. The organic porous base material used has compressibility 
resistance and comprises a composite material of nonwoven fabrics and uncured thermosetting resin, and 
therefore, when the porous base material is compressed by heating and pressurization. the adhesion 
between the circuit substrates occurs strongly through the the thermosetting reaction within the above- 
mentioned connecting member of circuit substrates, and at the same time, the conductive paste is also 
compressed in this process. At this moment, a binder component is pressed out between the conductive 
substances, thereby strengthening the binding between the conductive substance to each other and 
between the conductive substance and the metal foils. Thus, the conductive substance contained in he 
conductive paste becomes dense. In addition, since the conductive paste is filled up to the surface of the 
tackfree films, the conductive paste sticks out from the surface of the organic porous base material when 
the tackfree films are separated. Accordingly, the filled amount of the conductive substance increases after 
the lamination, and thus, the connection resistance is reduced considerably. 

Furthermore, by using a porous base material having compressibility resistance, the binder component 
of the conductive paste filled into the through-holes penetrates into the porous base material side This 
reduces the filled amount so that the conductive paste does not intrude between the porous base material 
and the metal foil applied on both sides any more, and accordingly, short-circuits can be prevented from 
occurring between the adjoining circuit patterns. Furthermore, by using a porous base matenal having 
compressibility resistance and comprising the composite material of the nonwoven fabrics and the 
thermosetting resin, it is not only possible to connect the circuit substrates to each other, but the metal foils 
for the wirings on the upper most layers are also adhered strongly by heating and pressurization. It is also 
favorable to the environment that the plating processing is no longer necessary in the manufacturing 
process of multilayer circuit substrates. 

Subsequently, according to the embodiment of the second manufacturing method of a multilayer circuit 
substrate in this invention, the multilayer circuit substrate is positioned between the two connecting 
members of circuit substrates from which the tackfree films are already separated. After a metal foil is 
applied on both sides, it is heated and pressurized, and then, the metal foils are formed into circuit patterns 
In this way, multilayer circuit substrates are manufactured efficiently as in the case with the first 

manufacturing method. ...^.^ ; „ 

It is preferable that the organic porous base material comprises a composite matenal which is 
composed of nonwoven heat-resisting synthetic fiber fabrics impregnated with thermosetting resin. Thus, 
the multilayer circuit substrate is excellent in thermal and mechanical strength. 

Furthermore, it is preferable that the nonwoven heat-resisting synthetic fiber fabrics comprise aram.d 
resin, while the thermosetting resin is epoxy resin. Thus, the multilayer circuit substrate is even more 
excellent in thermal and mechanical strength. 

It is also preferable that the nonwoven heat-resisting synthetic fiber fabrics comprise paper, while the 
thermosetting resin is selected from the group consisting of phenol resin and epoxy resin. Accordingly, the 
multilayer circuit substrate is even more excellent in thermal and mechanical strength. 

Furthermore it is preferable that the conductive substance contained in the conductive resin compound 
is at least one metallic powder selected from the group consisting of silver, nickel, copper and an alloy 
thereof. As a result, the multilayer circuit substrate is excellent in electrical conductivity. 
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in addition, it is preferable that the resin component contained in the conductive resm compound .s the 
same as the thermosetting resin in the organic porous base material. Thus, the conductive res.n compound 
has excellent adhesion to the organic porous base material. f , 

Furthermore, it is preferable that the multilayer circuit substrate having at least two layers o c rcu. 
patterns and the circuit substrate having at least one layer of circuit pattern comprise glass-epoxy mu Itilayer 
cSt substrates having copper foil wirings and copper-plated through-holes. As a result, ,t can be used ,n 
combination with conventional glass-epoxy multilayer circuit substrates. 

It is preferable that the multilayer circuit substrate having at least two layers of circuit patterns and the 
circuit substrate having at .east one layer of circuit pattern comprise aram.d "0"™™ and mult ' 

layer circuit substrates of thermosetting epoxy resin, thereby forming multilayer substrates BasHy_ 

Furthermore, it is preferable that the through-holes are formed by laser .rrad.at.on This method is jnore 
suitable for forming fine-pitched holes than by a drill. In addition, there is no dust created in this iproces* 

It is also preferable that the through-holes filled with the conductive res.n compound have a d.amete _of 
50 um to 1 mm. thereby forming the conductive part with a desirable diameter. An even more preferable 

"■TS^^pSS!; that the through-holes filled with the conductive resin compound have a 
pitch (a diie between the filled parts) of 50 um or more. As a result, the filled parts are completely 

''"toxins 0 preferable that the through-holes filled with the conductive resin compound have an 
electrical I Sance of 0.05 to 5.0 mn. This resistance provides good continuity for practical use as a circuit 
substrate or as a connector. A more preferable range is 0.1 to 0.8 mO. 

Furthermore, it is preferable that the porous base material has a porosity of from 2 to 35 A. This is 
practical since an "anchor" effect with the conductive paste can be attained^ 

It is also preferable that the heating is carried out at a temperature of from 170 to 260 C. When a 
thermosetting resin is used, a hardening reaction can be effectively conducted. 

In addition, it is preferable that the pressurization is carried out at a pressure of from 20 to 80 kg/cm . 
The substrate has effective properties by substantially diminishing air holes ins.de the substr *°- 

As described above, by using the connecting member of circuit substrates comprising the porous base 
material having compressibility resistance and consisting of a composite material of heat- resisting^ organic 
Enforcement and uncured thermosetting resin in which the holes are filled with the conductive paje up to 
hL surface of the tackfree films, it is possible to connect double sided substrates or four-layer substrates to 
each other electrically and mechanically without any problems, particularly in manufacturing Therefore, 
double sided substrates can be easily formed into multilayer substrates having an inner via structure^ 

As for the porous base material having compressibility resistance, a composite material can be used 
which is composed of organic reinforcement and uncured thermosetting resin. Therefore, when the porous 
base material compressed by heating and pressurization. the conductive paste ,s also 
process. The organic binder component, pressed out between the conductive substances I 
strengthens the binding between the conductive substances and between the conductive substance and the 
metaffoil. Accordingly the conductive substance within the conductive paste becomes dense . Th, .leads to 
via connection of extremely low resistance. In addition, since the conductive paste is filled up to .the surface 
of the tackfree films, the conductive paste sticks out from the surface of the organic porous base material 
when the tackfree films are separated. As a result, the filled amount of the conductive substance increases 

after the lamination, and thus, the connection resistance is reduced considerably. 

in addition, by using a porous base material having compressibility resistance, the binder component of 
the conductive paste filled into the through-holes penetrates into the porous base matenal s-de. Th,s 
reduces the fi.led amount so that the conductive paste does not intrude between the porous base matenal 
and the metal foil applied on both sides. As a result, short-circuits can be prevented from occurring 
beteen Sing circuit patterns. Furthermore, by using a thermosetting resin of the porous base .mater., 
having compressibility resistance and comprising the composite materia, of an organic ^'nforcement and 
thermosetting resin, it is not only possible to connect the circuit substrates to each other, but the wirings of 
metal foils can be connected electrically by heating and pressurization. m= ,„ llfar .„rinn 
It is also favorable to the environment that plating processing is no longer necessary ,n manufacturing 
multilayer circuit substrates. As mentioned above, the connecting member of circuit substrates of this 
Mention is suitable for connecting circuit substrates to each other. This connecting member ,s also 
; effective for connecting circuit substrates to devices electrically and mechanically. mamhBr nf 

FIG 1 (a) - (c) are cross-sectional views showing a method of manufacturing a connecting member of 
circuit substrates of a first embodiment to a fourth embodiment of this invention. F.a 1 (a) shows . ^ep in 
which tackfree films are disposed on both sides of an organic porous base material. FIG. 1 (b) shows a step 
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in which through-holes are formed. FIG. 1 (c) shows a step in which conductive paste is filled into the 
through-holes. 

FIG. 2 is a cross-sectional view of a multilayer circuit substrate using a connecting member of circuit 
substrates of a fifth embodiment to a eighth embodiment of this invention. 
5 FIG. 3 is a cross-sectional view of a multilayer circuit substrate using a connecting member of circuit 
substrates of a ninth embodiment to a twelfth embodiment of this invention. 

FIG. 4 (a) is a perspective view and FIG. 4 (b) is a cross-sectional view of an electrical connector using 
a connecting member of circuit substrates in a thirteenth embodiment of this invention. 

FIG. 5 is a cross-sectional view showing a glass-epoxy multilayer substrate manufactured in a 

10 conventional method. 

This invention will be described by referring to the following illustrative examples and attached figures. 
A connecting member of circuit substrates and a method of manufacturing a multi layer circuit substrate 
by using the connecting member will be explained in one embodiment of this invention. 

rs (A) Conductive paste 
(a) Filler 

The conductive paste of this embodiment is composed of a metallic filler, thermosetting resin, and a 
20 hardener. First, the conductive filler will be explained. According to the main object of this conductive filler, 
it should be contained in the conductive compound in high concentration. The reason for this is that, as 
mentioned above, conductive reliability must be maintained by raising the contact probability of the 
conductive fillers to each other even if the substrates are distorted due to lower resistance of connected via 
holes or due to thermal and mechanical stress. Silver, copper or nickel are illustrative examples of 
25 conductive fillers, and it is also possible to use two different kinds or more of these metals simultaneous y. 
As long as the conductive filler has the characteristics mentioned above, it can be a spherical shape or of a 
flaked form etc. It is especially desirable to use copper powder as the conductive filler in view of migration 
control economic supply, and price stability. But in general, copper powder is easily oxidised, and this 
oxidation of copper powder can obstruct conductivity when it is used for filling via holes in the connecting 
30 member of circuit substrates of this invention. Therefore, the adhesion process by heating and pressunza- 
tion is preferably conducted in an atmosphere in which the oxygen content is 1.0 % or less. 
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(b) Epoxy resin 

Next epoxy resin of specific characteristics will be explained. As mentioned above, the connecting 
member of circuit substrates of this invention is formed by heating and pressurization in a closed state in 
order to connect the metal foils electrically. Therefore, it is inconvenient to include a volatile constituent 
such as solvent because it can lead to causing internal blisters. In order to form the conductive compound 
in one non-solvent type liquid, it is basically necessary to have a liquid resin as the epoxy resin. 

Examples of suitable epoxy resins are liquid-type epoxy resin including two or more epoxy radicals, for 
example, bisphenol A-type epoxy resin, bisphenol F-type epoxy resin, alicyclic epoxy resin, and amine 

epoxy resin etc. . 

With regard to hardeners, any ordinary hardener can be used. Generally used hardeners include amine 
hardeners, e.g. dicyandiamide and carboxylic acid hydrazide, urea hardeners, e.g. 3-(3,4-dichlorophenyl)- 
1 1 -dimethyl urea, acid anhydride hardeners, e.g. phthalic anhydride, phromellitic acid anhydride, and 
hexahydro phthalic acid anhydride, and aromatic amine hardeners, e.g. diamide diphenylmethane, d.amide 
diphenylsulfonic acid (amine adduct). It is preferable to use solid-type subclinical hardener powder, 
particularly in view of stability and workability. 

50 (B) Tackfree film 

Tackfree films in the connecting member of circuit substrates function as pollution control films during 
the processes of forming holes and filling the conductive paste, but also during transportation. The films are 
separated when circuit substrates are connected, and therefore, they must have enough adhesion strength 
55 until they are used, while they are to be separated easily in use. 

Furthermore, the tackfree films are preferably to be adhered in a heated environment at a temperature 
that the thermosetting resin of the porous base material does not begin to cure. At the same time, the films 
are preferably of non-heat-contraction-type. 
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A plastic sheet of about 10 urn in thickness which is applied with a Si-type lubricant on one side was 
used in this example. For example, polyethylene terephthalate (hereinafter abbreviated as PET sheet) and 
PP can be used here. 

(C) Prepreg 

The base material used in the connecting member of circuit substrates of this embodiment is at least 
an organic porous base material. However, if this base material is combined with another base material to 
form a multilayer substrate, a well-known laminated base material can be used. Generally, a laminated base 
material used for circuit substrates is a composite material of inorganic or organic reinforcement and 
thermosetting resin. The reinforcement has the functions of strengthening the circuit substrate itself and 
controlling the warp caused by the heat when parts are mounted on the substrate. 

Examples of inorganic reinforcement are glass woven fabrics containing woven glass fibers and 
nonwoven fabrics consisting of glass fibers cut to a length of several mm to several 10 mm. The glass cloth 
is made by weaving filaments of 5 to 15 urn in diameter as warps and twines (yarn) bonding several 
hundreds pieces as wefts together. The glass which is generally used for printed substrates is composed 
mainly of Si0 2 , CaO, AI2O3, and B2O3 which are called E-glass. The glass nonwoven fabrics are mainly 
glass nonwoven paper which is produced by cutting the above-noted glass fibers into paper and adhering 
them together with water dispersible epoxy resin. Occasionally, an inorganic filler is added for the purpose 
of improving the dimensional stability. 

On the other hand, examples of organic reinforcement are woven or nonwoven fabrics (e.g. commodity 
name "THERMOUNT" manufactured by E.I.Dupont) made of paper or aromatic polyamide fibers (e.g. 
commodity name "KEVLAR" manufactured by E.I.Dupont). THERMOUNT (Trademark) used here is 
produced by first cutting the above-noted KEVLAR fabrics of para-type aramid at a length of about 6.7 mm, 
adding about 10 to 15 % by weight of filmed meta-type aramid to form paper, and calendering under high 
temperature and high pressure after being dried (e.g. U.S. Patent No. 4,729,921). 

Substrates using aramid are attracting attention for their use in MCM because of the excellent heat 
resistance and small coefficient of thermal expansion (e.g. IEEE TRANSACTIONS OF COMPONENTS, 
HYBRIDS, AND MANUFACTURING TECHNOLOGY, VOL.13, NO. 3, SEPTEMBER 1990, PP.570-PP.575). 

A prepreg is a composite material consisting of reinforcement and uncured resin in which the above- 
described reinforcement is impregnated with thermosetting resin from which the solvent is removed. 
Usually, they are in the form of a glass epoxy prepreg or an aramid epoxy prepreg in which the former 
prepreg consists of glass woven fabrics and epoxy resin and the latter consists of aramid reinforcement and 
epoxy resin. The expression "prepreg" is used for expressing the step up to the point where resin cures 
through heating and pressurization when double sided substrates and multilayer substrates are manufac- 
tured. 

(D) Thermosetting resin 

Thermosetting resin is an insoluble and infusible macromolecule having a three-dimensional knitting 
structure of molecules which melt, undergo propagation reaction and crosslinking reaction by heat. A 
thermosetting resin for printed substrates is selected in view of heat resistance and solvent resistance. 
Examples include epoxy, phenol, melamine, and polyester. By adding a sub-material, such as a hardener, a 
modifier or a filler, thermosetting resins of various reaction temperatures can be obtained. 

The most generally applied resin is epoxy resin. Epoxy resin is most widely used among different kinds 
of thermosetting resins and is characterized by excellent mechanical, electrical, and chemical properties. 
Recently, ordinary epoxy resin is modified in various ways to meet the needs toward higher mounting 
density and higher heat resistance. 

There is also novolak epoxy resin in which novolak-type phenol is used for the purpose of enhancing 
heat resistance. In some cases, a flame retarder is added to attain not only heat resistance, but also flame 
resistance. 

(E) Copper foil 

A conductor used for metal foil in this example is copper in the form of foil. Thicknesses of 18 to 70 
microns are used widely as the copper foils, and they are usually electrolytic copper foils. Copper foil 
suitable for use in the connecting member of circuit substrates in this invention is placed such that the 
treated copper foil side is generally used for the electrical connecting surface in view of via connection 
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through the conductive paste. The reason for this is that the treated degree is important with respect to 
reliability of connection. In other words, the rougher the surface is treated, the better results can be attained 
in the connection resistance, electrical strength and reliability. 

When a multilayer substrate is manufactured by using a connecting member of circuit substrates of this 
invention, a copper foil which is treated by oxiding treatment can not be used for electrical connecting parts 
of circuit substrates to be connected. This is due to the fact that the oxide treated side forms a oxide 
copper layer which is insulated electrically. Therefore, no connection can be achieved. It is preferable that 
the surface part of copper foil on the substrates to be connected is treated copper foil as mentioned above. 

The following embodiments are evaluated by methods shown below. 



(1) Via connection resistance 

The evaluation method of via connection resistance in a circuit substrate manufactured by the 
connecting member of circuit substrates of this invention is to measure two different resistances, namely, to 
measure connection resistance per each via and to measure connection resistance when 500 via connec- 
tions are chained in line for wirings. 

The connection resistance per each via is measured by a four-terminal resistance measurement 
conducted at both ends of metal wirings of both via ends. The serial resistance of 500 pieces can be 
evaluated in a method which is mainly used for reliability tests. This method is conducted by first adding 
the resistance for 500 pieces and the resistance of metallic wirings by the above-noted four-terminal 
measurement method, and then, subtracting the initial resistance amount from the measured amount after 
the experiment. In other words, this method determines the amount of change in via resistance of 500 
pieces. 

(2) Various kinds of reliability test in via connection 



® Heat cycle test 

A heat cycle test is based on the amount of change in via connection resistance after 30 minutes a 
-55 «C in vapor phase, and then, after 30 minutes at +125* C a thousand times. The evaluation standard b 
that the amount of change in via serial substrate of 500 pieces is 250 mQ or less. This is equivalent to i 
change in 0.5 mQ or less per each via. 



© Solder dipping test 

A solder dipping test is conducted by first dipping for 10 seconds in a solder vessel heated and 
dissolved at 230 *C, and then measuring the amount of change in via connection resistance in the same 
manner as mentioned above. The evaluation standard is the same as above. 



© Oil-dipping test 

An oil-dipping test is a heat cycle test conducted in the oil part of a liquid phase. A sample substrate is 
dipped 10 seconds in the oil which is heated up to 260 '0, maintained 10 seconds at room temperature, 
and further dipped 10 seconds in the oil at 20 °C. The evaluation takes place after this heat cycle is 
repeated 200 times. At this time, it is measured whether the resistance shows no breakage during 200 
times when it is dipped in the higher and lower temperature sides. At the same time, the amount of change 
in resistance is measured and evaluated according to the same evaluation standard mentioned above. 

Embodiments will be specifically described in the following illustrative examples. 



Examples 1 to 4 

A connecting member of circuit substrates and a method of manufacturing a multi layer circuit substrate 
by using the connecting member of circuit substrates will be explained by referring to the attached figures 
in one embodiment of this invention. 

In the first place, prepregs used for the connecting member of circuit substrates are shown in Prepreg 1 

to 4. 
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(1) Prepreg 1 

Glass woven fabrics as inorganic reinforcement were used in which E-glass of 4.6 micron in filament 
diame erVas ^ined 4.4 pieces per one inch. As thermosetting resin, epoxy 

point was used which was in this case Shell EPON 1151B60 of 180-C .n the glass tran.rt.on point This 
resin was impregnated by using methylethylketone (MEK) as a deluent solvent. Th.s prepreg line could be 
iTd Tor bo7 resin impregnation and solvent removal consecutively. The amount of resm after being dned 
was about 30 wt% against the glass cloth. The thickness of the prepreg after being dried was 120 urn. 

(2) Prepreg 2 

Glass nonwoven fabrics were also used as inorganic reinforcement, and the impregnated resin was the 
same with in Prepreg 1. The glass unwoven fabrics used were made into glass nonwoven paper by cutting 
?he above-mentioned glass flics to paper and by adhering them together with water d 'spers.bte epoxy 
resin An inorganic filler of alumina powder was added to improve the dimens.onal stability. The amount of 
Impregnated resin was about 40 wt% against the g.ass woven fabrics, and the thickness of the prepreg was 
140 urn. 



20 



25 



30 



35 



40 



(3) Prepreg 3 

Nonwoven fabric paper of aromatic polyamid was used as an organic reinforcement which was in this 
case "THERMOUNT" manufactured by E.I. Dupont of 72 g/m* in basis weight and 0.5 g/cc m paper 
density. The impregnated resin was epoxy resin of Dow DER 532A80. and the glass transfer .point was 
140 -C The resin impregnation and the drying process took place in the same method as in Prepreg 1. The 
amount of impregnated resin was 52 wt%. and the thickness of the prepreg was 150 urn. 

(4) Prepreg 4 

Paper as an organic reinforcement was also used here which was in this case paper phenol prepreg_ 
The paper used was kraft paper of 70 g/m* in basis weight. Thermosetting resin "as modified res.n added 
with alkyl phenol group. The amount of resin was 48 wt% against the kraft paper, and the thickness of the 
prepreg was 145 urn. 

(5) Conductive paste 

Composition of the conductive paste of this invention is shown in TABLE 1 Metallic fillers of silver 
copper and nickel were used in a spherical and flake form. The resin compound was b.sph enoT A-type 
epoxy resin (EPICOAT 828 manufactured by Yuka Shell Epoxy Co., Ltd.), and the harder used was 
Amineadduct (MY-24 manufactured by Ajinomoto Co., Ltd.). TAD1 c - u„ ^ *^ 

Three roles of the above-described compound were kneaded and mixed into paste TABLE 1 shows the 
form of the metal particle, the average size of the particle, the mixed amount (% by we.ght), and the 
viscosity of the paste of 0.5 rpm in an E-type viscometer at room temperature. 

TABLE 1 
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Paste No. 


Metal 


Resin Compoun 


d 


Metal 


Form 


Particle 
size (u.m) 


Amount of 
metal (wt%) 


Amount of 
resin (wt%) 


Amount of 
hardener (wt%) 


Viscosity (Pa-s) 


P-1 
P-2 
P-3 
P-4 
P-5 
P-6 


Cu 
Cu 
Ni 
Ni 

Ag 
Ag 


spherical 

spherical 

spherical 

spherical 

flake 

flake 


2 
2 

1.2 
1.2 
1.8 
1.8 


85 

87.5 

85 

87.5 

85 

87.5 


12 
10 
12 
10 
12 
10 


3 

2.5 
3 

2.5 
3 

2.5 


120 
340 
300 
550 
220 
475 
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FIGS 1 (a) to (c) are cross-sectional views showing a method of manufacturing a connecting member of 
circuit substrates in the embodiment of this invention by using the above-mentioned Prepregs 1 to 4^ As 
shown in FIG. 1 (a), a porous base material 102 (Prepreg 3) was prepared wh.ch was provided with tackfree 
2Tl0l (thickness of about 12 urn) made of polyester on both sides. The method 

films is to position the above prepreg between the tackfree films, and to pos.tion ,t further between sinless 
steel plates After that, it is heated four minutes at a temperature of 110-C and pressurized with 20 J<g/cm_ 
At this moment, the prepreg is compressed by the heating and pressurizafon so that .nternal pores 102a 

Accordingly, an aramid-epoxy sheet having tackfree films is obtained Next, through-holes 103 (diam- 
eter of about 250 urn) were formed into aramid-epoxy sheet 102 (thickness of about 130 u m) at 
predetermined places by a carbon dioxide laser, as shown in FIG. 1 (b). Subsequently, as shown in FIG. 1 
fc) conJucL paste 104 is filled into through-holes 103 to form the connecting member of circu* 
substrates of this invention. Regarding the filling method of conductive paste 104, aramid-epoxy sheet 102 
having through-holes 103 was placed on a table of a printing machine (not shown), and conducive paste 
104 was printed directly from above on tackfree films 101. Tackfree film 101 on the upper surface serves as 
a printing mask and also prevents the surface of aramid-epoxy sheet 102 from soiling. 



Examples 5 to 8 

First, as in Examples 1 to 4. monolayer circuit substrates were obtained as shown below. 

TABLE 2 



Example No. 


Prepreg 
No. 


Conductive 
paste No. 


Via resistance 
mQ/via 


Via connection reliability (AR mO/500 via) 








Heat cycle after 
1000 cycles 


Solder dipping 
after 1 0 seconds 


Oil-dipping after 
200 cycles 


5b 
6b 
7b 
8b 


1 
1 
1 
1 


P-2 
P-2 
P-2 
P-2 


6.1 
7.2 
1.2 
2.9 


15 
25 
37 
7 


23 
18 
13 
63 


87 
53 
34 
23 
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Next is a description of a method of manufacturing a multilayer circuit substrate by using the 
connecting member of circuit substrates of this invention. Circuit substrates to be combmed were two pa.rs 
of double" sided board comprising glass-epoxy substrate. This glass-epoxy double i***^™" 
produced from glass woven fabrics laminated with four sheets of prepreg (thickness of about 100 urn) 
which is impregnated with thermosetting resin equivalent to FR-4, as in the above-mentioned case. Then a 
copper foil which was treated on both sides was laminated with a thickness of 35 urn on both sides ; of the 
substrates. By heating and pressurizing about one hour at a temperature of 170-C *K tes 

vacuum by heat-pressing, the substrates were cured and adhered to the copper fo.ls. The substrates 
manufactured in this manner were disposed with holes of 0.6 mm in diameter at predeterm.ned places by 

^'"The^lnubstrates were further processed by a copper-plating method to form copper-plated films on 
the inner wall of the through-holes and on the entire upper surface. After that circuit patterns were formed 
by means of a photolithography method to form wirings on the upper layers. The glass epoxy double sided 
board manufactured in this way and another glass epoxy double sided board with differen tpatte ns 
manufactured in the same way were used to position the connecting member of circuit substrates of the 
above-mentioned first to the fourth embodiments from which the tackfree films had been separated on both 
sides. They were positioned for lamination and subjected to heat and pressurization by Impressing under 
the same conditions as mentioned above. FIG. 2 shows a cross-sectional view of this embodiment before 
being laminated. Referring to FIG. 2, reference numeral. 305 is a glass-epoxy substrate; 307. drilled holes 
308 a copper-plated inner wall; and 306. circuit patterns of copper. Connecting member of circuit 
substrates 309 is placed between the above-mentioned double sided boards. 

In this structure, the above-noted double sided boards have a connecting land at places to be 
connected electrically, and the land part is positioned to meet conductive paste 304 of the , connec ,ng 
member of circuit substrates mentioned above. It is therefore necessary to be arranged in such a way that 
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the drilled through-hole parts do not come in contact with the conductive paste part of the above-mentioned 
connecting member of circuit substrates. The multilayer member manufactured in this manner is a four- 
layer substrate having four layers of circuit patterns in which the epoxy resin of the above-mentioned 
connecting member of circuit substrates flowed into the through-hole parts of the above-noted double sided 
board, thereby forming a complete closed structure. This four-layer substrate was tested and the results of 
different reliability tests are shown in TABLE 3. 

TABLE 3 



Example No. 


Circuit 
connecting 
member No. 


Conductive 
paste No. 


Via resistance 
mn/via 


Via connection reliability (AR mQ/500 via) 


Heat cycle after 
1 000 cycles 


Solder 
dipping after 
1 0 seconds 


Oil-dipping after 
200 cycles 


9 


5b 


P-2 


0.51 


16 


21 


89 


10 


6b 


P-2 


0.45 


9 


14 


55 


11 


7b 


P-2 


0.44 


-3 


5 


33 


12 


8b 


P-2 


0.45 


- 15 


2 


71 



As shown in TABLE 3, the results of the heat cycle test, solder dipping test, and oil-dipping test 

indicated satisfactory in all cases. „. rir!1 . a 
In this manufacturing method of multilayer substrates, the aramid-epoxy double sided substrate 
manufactured by the connecting member of circuit substrates was also used instead of the glass-epoxy 
double sided circuit substrate held between the above-mentioned connecting members of circuit substrates 
with the same satisfactory properties being achieved 

Examples 9 to 12 

The connecting member of circuit substrates will be explained in this embodiment of the invention. The 
same connecting member of circuit substrates was used as in Examples 1 to 4. 

FIG 3 is a cross-sectional view of a multilayer circuit substrate before being laminated in one 
embodiment of this invention, and the description follows by referring to the figure. A circuit substrate to be 
combined was a four-layer substrate consisting of a glass-epoxy substrate. This four-layer substrate was 
manufactured from glass woven fabrics laminated with four sheets of the prepreg (thickness of about 100 
urn) impregnated with thermosetting resin as in the case mentioned above. Then, a copper foil which was 
treated on one side was applied with a thickness of 35 urn on both sides of the substrates. By heating and 
pressurizing about one hour at the temperature of 170- C and 40 Kg/cm* in vacuum by heat-pressing, the 
substrate was cured and adhered to the copper foils. After the copper foils were adhered, a photolithog- 
raphy method was used to form circuit patterns. In particular, dry films were applied on both sides by using 
a laminater, and then patterns were exposed. After that, the processes of development, etching and 
separation of the dry films followed. Subsequently, the copper foil surface of the substrate with the above 
patterns was treated, and further, two sheets of the above-noted prepreg were disposed on both sides. The 
treated surface of the one-side treated copper foil was placed on both sides such that the treated surfaces 
face inside, and they were laminated once more by heat-pressing. This substrate was disposed with holes 
of 0.6 mm in diameter at requested places by using a drill machine. 

Then copper-plating was applied on the inner wall of the through-holes and the entire upper layer part 
to form copper-plated films. After that, circuit patterns were formed on the upper layer by means of a 
photolithography method. The four-layer glass epoxy substrate manufactured in this manner was placed as 
an intermediate layer between the connecting members of circuit substrates from which the tackfree films 
had been separated on both sides. As shown in FIG. 3, they were positioned for the lamination together with 
the one-side treated copper foils and were subjected to heating and pressurization by heat-pressing under 
the same conditions as mentioned above. The copper foils on the surface of this multilayer substrate were 
formed into patterns by the same photolithographic method. Referring to FIG. 3. reference numeral 410 
denoted the above-mentioned four-layer glass-epoxy substrate; 411, drilled holes; 412, a copper-plated 
inner wall; and 413, circuit patterns of copper formed by the photolithographic method. The above-noted 
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four-layer glass-epoxy substrate was held between connecting members of circuit substrates 414 and 415, 
which are again held between one-side treated copper foils 41 6 and 41 7. 

In this structure, the above-noted four-layer substrate and the connecting members of circuit substrates 
have connecting land 419 at places to be connected electrically and conductive paste part 418. The above- 
mentioned land part was positioned to meet conductive paste 418 of the connecting members of circurt 
substrates mentioned above. It is therefore necessary to position in such a way that the drilled through-hole 
parts do not come in contact with the conductive paste part of the above-mentioned connecting members of 
circuit substrates. A multilayer member manufactured in this manner is a six-layer substrate having six 
layers of wirings in which the above-mentioned connecting members of circuit substrates are filled with the 
epoxy resin flowed into the through-hole parts of the above-noted double sided board, thereby forming a 
complete closed structure. This multilayer substrate was tested and the results of different reliability tests 
are shown in TABLE 4. 



TABLE 4 
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Example No. 


Circuit 


Conductive 


Via resistance 


Via connection reliability (AR mQ/500 via) 


connecting 


paste No. 


mQ/via 










member No. 




















Heat cycle after 


Solder 


Oil-dipping after 










1000 cycles 


dipping after 


200 cycles 












1 0 seconds 




13 


5b 


P-2 


1.21 


45 


38 


101 


14 


6b 


P-2 


2.22 


27 


29 


79 


15 


7b 


P-2 


1.78 


19 


39 


83 


16 


8b 


P-2 


1.15 


41 


52 


72 



As shown in TABLE 4, the results of the heat cycle test, solder dipping test, and oil-dipping test were 

satisfactory in all cases. . 

Furthermore, it is possible to manufacture a multilayer circuit substrate with even more layers by 
repeating the above process for a needed number of times. Another method of obtaining a substrate with 
multilayer circuit patterns is to prepare a desirable number of the above-mentioned intermediate multilayer 
member and the connecting member of circuit substrates and to laminating them at once. 

In this manufacturing method of multilayer substrates, the aramid-epoxy double sided substrate 
manufactured by the above-noted connecting member of circuit substrates was used instead of the four- 
layer glass-epoxy circuit substrate held between the connecting members of circuit substrates with the 
same satisfactory properties being shown. k«*,=^o 

In the method of manufacturing multilayer circuit substrates as described above, the circuit substrates 
and the connecting members of circuit substrates used had been already checked so that a high 
processing yield could be preserved at a controlled cost increase. ...... 

In the multi layer circuit substrates manufactured according to the method mentioned above, the firs 
circuit substrate and the second circuit substrate are connected to each other through the compressibility of 
the connecting members of circuit substrates by heating and pressurization. As a result, a highly laminated 
substrate can be manufactured rather easily. 
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Example 13 

The porous base material of about 150 to 170 urn in thickness which was used in the first embodiment 
was applied on both sides with fluorocarbon tackfree films (tetrafluoroethyleneethylene copolymer manufac- 
tured by Asahi Garasu Co., Ltd., commodity name: Aflex) of about 30 ixm in thickness. Next, an exc.mer 
laser was used to form through-holes of about 200 urn in diameter. The distance (pitch) between the ho es 
was set at about 200 urn. Subsequently, conductive paste was filled into the through-holes. Regarding the 
filling method of the conductive paste, an aramid-epoxy sheet having through-holes was placed on a table 
of a printing machine (not shown), and the conductive paste 104 was printed directly from above on 
tackfree films 1. At this moment, the tackfree film on the upper surface serves as a printing mask and also 
prevents the surface of the aramid-epoxy sheet from soiling. The conductive paste used was silver powder 
with an average diameter of 2 urn as conductive filler, and the resin was the same thermosetting epoxy 
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resin (non-so.vent type) as in the above-noted substrate material. A hardener was obtained by kneadin and 

rZngTri roles of acid anhydride-type hardener each having 85. 12.5, and 2.5 by w*gh 

After mat the substrate was subjected to heat and pressure for one hour at a temperature of 170 C and 

Fu^ermoJe, conductive resin compound 104 is formed with a pitch of three roles l^ m "^on**j 
resin compound 104 sticks out about 30 um which makes it suitable for connecting NESA glass of liquid 
Syire7ments and a flexible printed substrate (FPC). Additionally, when an adhesive ,s apphed on surface 
a and surface B it can easily stick to other circuit substrates. 

The Sme^ing member of circuit substrates of the abovementioned embodiment can be used, for 
exarSeTT elecWcal connector for connecting NESA g.ass of liquid-crystal elements and a > flexible 
pSed ^ubstrTte (FPC) or as an electrical connector for connecting a driver circuit of electnca. s.gnal 

C0 " Acco^ng 3 TTJSSZ: "of Mention as described above, by using th< .connecting I -mber 
of cSTsubstrates comprising the porous base material having compressibility resistance and consist ng 
of rcomposite material of nonwoven fabrics and thermosetting resin which are also provided with , tackfree 
Is and holes filled with the conductive paste up to the surface of the tackfree films^-t is^ta 
a hiah layered substrate easily from double sided boards or four-layer substrates which can be marnrfac 
Led rShe sW When the connecting member of circuit substrates of the embod.ments ,s used the 
ooTous lase material is compressed by heating and pressurization so that the conductive paste is also 
compressed DuSg this process, a binder component which is pressed out between the conductive 
Substances ^'strengSens the binding between the conductive substance to each other and between the 
conauct^e substance and the metal foil, and accordingly, the conductive substance contained in the 
conduc ive past! becomes dense. In addition to that, since the conductive paste is tilled up to the surface 
nMhe tacwS films the conductive paste sticks out from the surface of the organic porous base material 
^iSJSTli^ separated' As a result, the filled amount of the conductive substance increases 
after the lamination and thus, the connection resistance is reduced considerably. 

Furthermo^ by using the porous base material having compressibility resistance and compnsmg a 
compos rrtena^of nonwovenfabrics and thermosetting resin, it is not only possible to 
suSrateS to each other, but the metal foil for wirings on the upper most layer can be also adhered strongly 
by heafng JZ^SL**. It is also favorab.e to the environment that a dri.ling process or a plating 
orocess is not necessary any more in the manufacturing process of multilayer circuit substrates. 
P Acceding to the aoove-mentioned invention, the connecting member of circuit substrates comprises an 
oroanfc do ous base material provided with tackfree films on both sides, wherein the connecting member 
SFZSmZ l£ through-holes at requested places, and the through-holes are fUled with conductive 
, resin comDOU^d up to the surface of the tackfree films. This structure enables inner-v,a-hole connection and 
can tneXe attain the connecting member of circuit substrates of high reliability and high qualrty- 
AdditlonX! « Teasy to determine fine pitchs at the conductive parts, and an electrical connector of low 
electrical resistance can be attained. 
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1 A connecting member of a circuit substrate comprising an organic porous base material providec I with 
faCZ films on both sides, wherein said connecting member has through-holes, and said through- 
holes are filled with conductive resin compound up to the surface of said tackfree films. 

2 A method of manufacturing a multilayer circuit substrate comprising the steps of: 

TaTproviding a multNayer circuit substrate having at least two layers of circuit patterns a c, cu 
substrate having at least one layer of circuit pattern, and a connecting member for said a 
subSes consLng of an organic porous base materia, provided with tackf ree ^f ilms on both sides 
which is disposed with through-holes filled with conductive resin compound up to the surface of said 
tackfree films* 

(b) separating said tackfree films from said connecting member of said circuit substrates: 
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(c) positioning said connecting member of said circuit substrates between the multilayer circuit 
substrate and the circuit substrate; and 

(d) heating and pressurizing. 

A method of manufacturing a multilayer circuit substrate comprising the steps of: 
7r P roviding a multi layer circuit substrate having at least two layers of c.rcu.t patterns and two 
Seces of a connecting member consisting of an organic porous base matenal provide 
film^on both sides which is disposed with through-holes filled with conducts res.n compound up to 
the surface of said tackfree films; 

(b> separating said tackfree films from said connecting members; 

(c) positioning said multilayer circuit substrate between the two connectmg members; 

(d) applying a metal foil on both sides; and 

(e) heating and pressurizing, and forming circuit patterns on said metal fo.ls. 

The connecting member of a circuit substrate and the method of manufacturing a multilaye. ^circuit 
LL^TccSd^g to claims 1, 2, or 3, wherein said organic porous base matenal .8 8 composrte 
^^JSSSL a nonwoven heat-resisting synthetic fiber fabric impregnated w,th an uncured 
thermosetting resin. 

The connectinq member of a circuit substrate and the method of manufacturing a multilayer circuit 
S^STSTTci*. 4, wherein said nonwoven heat-resisting synthetic fiber fabncs compnse 
aramid resin, and said uncured thermosetting resin is epoxy resin. 

The connecting member of a circuit substrate and the method of manufacturing a multilayer circuit 
lubs^racSd^gTo claim 4, wherein said nonwoven heat-resisting synthetic fiber fabnc comprises 
pXtnd sS uncured thermosetting resin is selected from the group consistmg of phenol res,n and 

epoxy resin. 

The connecting member of a circuit substrate and the method of manufacturing a multilayer circuit 
locate according to any of claims 1 to 6, wherein a conductive substance contamed in sa.d 
conduce ^rSn clpound'is at least one metallic powder selected from the group cons.st.ng of silver, 
nickel, copper, silver alloy, nickel alloy, and copper alloy. 

s The connectinq member of a circuit substrate and the method of manufacturing a multilayer circuit 
8 - Lbst raccSd'g to any of claims 1 to 7, wherein a resin component contained in sa.d conduct*, 
resin compound is the same as the thermosetting resin in said organic porous base matenal. 

9 The method of manufacturing a multilayer circuit substrate according to any of claims 2 to 8, wherein 
laid mtmiiaye Suit substrate having at least two layers of circuit patterns and said c.rcu.t substrate 
halg rSLst one layer of circuit pattern comprise glass-epoxy substrates having copper foil wirings 
and copper-plated through-holes. 

10. The method of manufacturing a multilayer circuit substrate according to any 

said multilaver circuit substrate having at least two layers of circu.t patterns and said c.rcurt substrate 
halg at least one layer of circuit paLn comprise aramid nonwoven fabrics and thermosetfng epoxy 
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resin. 
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The connecting member of a circuit substrate and the method of manufacturing a multilayer circuit 
LbstZacZing to any of claims 1 to 10, wherein said through-holes are formed by laser .rradiation. 

12 The connecting member of a circuit substrate and the method of manufacturing a multilayer circuit 
Lbst^racSing to any of claims 1 to 11, wherein said through-holes filled with the conducts resin 
compound have a diameter of 50 u, m to 1 mm. 

13. The connectinq member of a circuit substrate and the method of manufacturing a multilayer circuit 
LbstrricSding to any of claims 1 to 12, wherein said through-holes filled with the conducts resin 
compound have a pitch of 50 urn or more. 
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14. The connecting member of a circuit substrate and the method of manufacturing a multilayer circuit 
substrate according to any of claims 1 to 13, wherein said through-holes filled with the conductive resin 
compound have an electrical resistance of 0.05 to 5.0mQ. 

5 15. The connecting member of a circuit substrate and the method of manufacturing a multilayer circuit 
substrate according to any of clad 1 to 14, wherein said porous base material has a porosity of from 2 
to 35%. 

16. The method of manufacturing a multilayer circuit substrate according to any of claims 2 to 15, wherein 
io the heating is carried out at a temperature of from 170 to 260 • C. 

17. The method of manufacturing a multilayer circuit substrate according to any of claims 2 to 16, wherein 
the pressurization is carried out at a pressure of from 20 to 80 kg/cm 2 . 
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FIG. A (a) 
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